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This  paper  presents  a  methodology  for  correcting  body-wave  magnitudes 
for  the  effect  of  focal  mechanism  in  a  routine  manner.  The  method  re¬ 
quires  a  knowledge  of  the  prevailing  or  dominant  mechanism  for  a  geograph' 
ic  region,  from  which  tables  are  constructed  which  enable  one  to  make  the 
necessary  correction.  Included  in  the  paper  are  tables  for  Aleutian  Is¬ 
land,  Kamchatka  and  mid-Atlantic  Ocean  earthquakes. 

From  a  study  of  seven  earthquakes,  it  is  concluded  that  the  present 
method  gives  essentially  the  same  average  magnitude  with  the  same  standar< 
deviation  as  a  more  exact  method  of  correcting  for  the  focal  mechanism. 
The  latter  method  uses  the  focal-mechanism  parameters  of  the  earthquake, 
which  must  be  determined  independently  for  each  earthquake. 

The  existing  distribution  of  seismograph  stations  is  such  that  trans- 
form-fault  earthquakes  of  the  mid-Atlantic  Ocean  will  consistently  have 
their  P-wave  magnitudes  underestimated  by  about  0.2  magnitude  units,  if 
no  correction  is  made  for  the  focal  mechanism.  On  the  other  hand,  P-wave 
magnitudes  of  earthquakes  in  Kamchatka  and  south  of  the  axis  of  the  Aleu¬ 
tian  Trench  will  be  overestimated  by  about  0.2  units. 
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A  USTHACT 

This  paper  presents  a  methodalagy  far  correcting  body-wave  magnitudes  far 
the  effect  af  facal  mechanism  in  a  routine  manner.  The  method  requires  a  knowledge 
af  the  prevailing  ar  dominant  mechanism  for  a  geographic  region,  from  which 
tables  are  constructed  which  enable  ane  ta  make  the  necessary  correction.  Included 
in  the  paper  are  tables  for  Aleutian  Island,  Kamchatka  and  mid-Atlantic  Ocean 
earthquakes. 

From  a  study  af  seven  earthquakes,  it  is  concluded  that  the  present  method 
gives  essentially  the  same  average  magnitude  with  the  same  standard  deviation 
as  a  more  exact  method  af  correcting  far  the  facal  mechanism.  The  latter  method 
uses  the  focal-mechanism  parameters  af  the  earthquake,  which  must  be  determined 
independently  for  each  earthquake. 

The  existing  distribution  af  seismograph  stations  is  such  that  transfarm-fault 
earthquakes  of  the  mid-Atlcntic  Ocean  will  consistently  have  their  P- wave  magni¬ 
tudes  underestimated  by  about  0.2  magnitude  units,  if  na  correction  is  made  lor  the 
facal  mechanism.  On  the  other  hand,  P- wave  magnitudes  of  earthquakes  in  Kamchatka 
and  south  af  the  axis  of  the  Aleutian  Trench  will  be  overestimated  by  about  0.2 
units. 


I  NTtmnn  tion 

F..r  ii  slitily  ..I'  enrlh<|imke  statistics,  it  is  desirable  m  classify  seismic  events  are., id 
mp:  in  their  relative  ami  absolute  size.  The  cuncc|>!  of  mnctiititde,  as  intrnilnccil  by 
Richter  { Itt.T.i ),  first  made  this  classification  (xissible.  However,  lor  the  study  to  be 
tneanitijjltil.  it  is  necessary  to  make  the  determination  of  earthi(itake  inatiniinde  in 
dependent  n|  anomalous  pmpacalioti  com  lit  ions  and  of  the  existing  distribution  of 
scismugrapb  sttit  ions, 

.  h,r  !l  ""'•■"'I"  > . .  located  in  an  Karlli  model  which  is  laterally  hoinoUcnroti*. 

<  "ticnlierjj  and  Richter’s  (IP.Tli)  formula  lor  the  lx.dy  wave  iiiamiiinde.  .  can  l>e 
w  ritten  its 


in,, 


lot  (.1  7  t  -F  0(1,.  At 


(I  > 


w  here  .1  i*  t  mill  id  amplitude.  T  its  rorrr.|H.ndim:  period,  /.  the  I’m  a  I  depth  and  a 
the  epieetitr.il  distance.  Depot  title*  from  thi*  ideal  ease  are  enti«ed  by  lateral  hetero 
uetieity  III  velocity  and  by  tin-  fin  al  mechanism.  The  former  includes  elTeets  ill  the  sin 

not.  and  the  *nnnv.  which  may  lie  hit*-  if  il.e  ray  pall,*  rm*.  desert,  dine  In  I,..-, 

plate.  fJitei ill,  I'.lTtt  Tok*.,/  ,,  pin  I,  The  rll.-ct*  „f  f,„,,|  non  hani-to  cat.  eat.M-  a 
rather  larue  under  or  over estimation  of  the  luacniinde.  de|N-tnlitie  ii|M*it  t be  i|isinlii| 
lion  Ol  *oMi"l|!nipli  'lilt lolls  l|se«|  10  ealenlaimt  the  m:<cnili|.|o  CvtiH  Saiuetli.  pirn, 
.laioscb  l!t*A  and  <  liandnt  (Pi7tlt  pn.|«.-.'d  iiieiln«|.  ,,|  imptovim:  die  deicrnnna 
lion  of  l.nb  wn\e  niatntinde  l,y  ensiderin*  . . .  ,.f  t|„.  n,diati»n  patten, 


•  1‘l'sn.l  S-Mo*.  «  F4--  l  „l«^s,l  S»1,„  I, lie-  \ltr„, 

t*ll 
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recorded  /’-\v live  ;im|tlilii(lc,s.  Chandra ’*  ( 1 1)70 )  method  requires  prior  knowledge  of 
tlu>  IWitl-mechanism  panuueleis  of  the  because  such  data  generally  arc 

not  available,  Hie  mclliod  caminl  be  applied  on  a  routine  basis.  In  Jaroseb’s  (lilli.s) 
method,  a  focal-mechanism  sola  lion  is  calculated  from  I  lie  sinus  of  Hie  first  /’  motion 
and  tin'  amplitudes  o!  /',  The  amplitudes  of  /',  then,  tire  corrected  for  the  radiation 
pattern  and  used  to  determine  the  body-wave  magnitude.  A  limitation  of  the  method 
lor  practical  purposes  is  that  it  requires  a  large  amount  of  data  well  distributed  in 
azimuth,  signs  of  first  l‘  motion,  and  a  rather  extensive*  set  of  calculations.  The  purpose 
ol  the  present  study  is  to  develop  a  simple  method  which  routinely  can  be*  used  to  ob 
tain  bodv  wave  magnitude  estimates  that  tire  corrected  for  the  focal  mechanism.  To 
this  end,  the  concept  of  a  dominant  focal  mechanism,  representative  of  the  mechanism 
ol  earthquakes  in  it  given  hypocenlral  region,  is  introduced. 

Tiibokv 

The  /'-wave  displacement,  u ,  on  tin*  surface  of  a  focal  sphere  of  radius  J{,  owing  to  it 
double-couple  source  with  forces  AT (M,  is  given  bv  (Hessonova  cl  al„  1! )(>();  , Standee 
l!ll>2) 


u  =  2.r//ft'  (I  -Ha)  -|jrp«V  (2) 

where  p  is  the  density,  «  the  /'-wave  Velocity  and  K' (I)  the  time  derivative  of  K(l). 
The  quantities  .r  and  //de|M*nd  upon  the*  orientation  of  the  forces  of  the  couple  and  the 
location  of  the  point  on  the  surface  of  the  focal  sphere  at  which  the  particle  displace¬ 
ment  is  being  calculated.  I'.quations  lor  ,v  and  //  an*  given  in  the  Appemlix. 

All  the  terms  in  equation  (2)  except  for  2 .r//  are  constant  on  the  . . .  the  Ideal 

sphere.  Thus,  the  observed  /’-wave  amplitudes,  when  divided  by  2.r//,  are  corrected  in  it 
relative  sense  for  the  earthquake  radiation  pattern.  I'mm  the  equations  given  in  the 
Appendix,  it  can  be  shown  that  the  absolute  value  of  2 .17/  varies  from  zero  to  uuiiv. 
U.v  it  simple  integration,  it  further  can  In*  shown  that  the  average  value  of !  >j„  over 
the  surface  id  the  focal  sphere  is  I  dr  or  approximately  0. 121.  Thus,  in  order  to  correct 
the  observed  amplitude  for  ihccITcei  of  the  focal  mechanism  in  an  absolute  scn*c,  it  is 
necessary  to  multiply  the  amplitude  by  0,121  2///.  This  will  reduce  the  observed 
/’-wave  amplitude  from  a  double  couple  source  to  that  which  it  would  lx-  from  a 
spherically  symmetric  source,  whose  hypothetical  amplitude  i»  the  avenge  over  the 
surface  of  till*  focal  sphere  of  the  actual  amplitudes  front  the  double. couple  source. 

I  or  IxmIv  nave  magnitude  determinations,  it  is  |M*s|  in  dm*  data  from  stations 
distant  front  nodal  lilies,  i.e.,  with  large  2/<i  factor*.  Not  only  an*  ampin  tides  no  the 
seismogram  larger  and  l« "  'iilij<-ci  to  ermr*  of  measiin’tiient.  bill.  al*o  for  *iieb  «ta 
lion*,  small  errors  in  the  focal  iiircli:tiii*m  p:iniineier»  will  have  a  minimal  effect  upon 
the  value  of  2 r>j  u*.a|  in  reducing  tin  amplitude  for  the  radiation  patient  of  the  earth 
quake. 

Karilupiahc  fori  loeateil  in  a  gix.-n  ngi.01  tend  t.<  have  similar  fond  mcchaufiii-, 
wlurh  i«  m  keeping  with  the  theory  of  pliie  tectonics  (|*acks  >1  nl„  Ifnfsf.  Un  i|,e 
h>  1  ■•thesis  that  chat artetist ie  foci  e\i«f  fnrcixm  li>|«icctiind  rigbitis.  focal  mechanism 
panittH'ier's  for  a  ilommant  01  nxrmgc  im-cliani-tii  of  3  ntk<ii  can  l»*  d<  tetmiiMsl  I  mm 
tin.  the  2 rv  factor  can  U-  rrdnd.i.sl  for  each  seismograph  .ration,  ami  »  h«i  .4  2/, 
factor*  rail  lw  ra>ni|Hha|  for  nil  sd*ti5inglnpli  «l. it  Sill*  for  mix  nullii|il.il,r  III  tin*  litksi 
TV  lot  of  Jr*  factor*  i*  unliod  n<  two  «»%..  |  u»i,  h  j.  «i*od  |„ depone  that 
llw  irlllal  focal  mechanism  of  lie*  earthquake  ntl|fo|m.  to  llsr  ihuiHliXfll  oTw  |«<Xr*! 


MKTlIOtl  OK  * 
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Kisslinger  and  Nullli,  1!)7I ).  Second,  if  il  is  established  dial  die  mechanism  is 
normal,  I  lie  list  is  used  lo  select  those  stations  which  have  1‘  waves  of  huge  amplitude 
ami,  therefore,  are  best  suited  for  magnitude  determination. 

(Wider  the  snblisl  of  seismograph  stations  lor  which  2.r</  >  <>.4-4.  (  all  (hi,,),  the 
magnitude,  corrected  for  the  local  mechanism,  for  the  fill  of «  such  stations  lor  which 
/’  wave  amplitude  data  are  available.  Then 


(  nu,), 


. .  +  Q" 


1  C2.ni  0.424), 

The  nneorreeled  magnitude,  (nn,,„). ,  is  given  by 

(mi,.. ),•  =  log  (.1  T),  +  (), 

tTom  which  it  follows  that  the  magnitude  calculated  from  the  fill  station  is 
(mk),  =  (nu,.,,),  -  log  (-.rn  0.421 ), . 

The  average  magnitude,  based  upon  the  data  ol  n  stations,  is 

in, .  =  (±  0 m,))/n  =  (t  <»0-)/ "  ~  (l>*  (-'•'••V  0.4--M ),)/«. 

The  lirst  term  on  the  right-hand  side  of  equation  Cl )  is  the  magnitude  of  the  earth 
quake,  uneorreeted  for  the  focal  mechanism.  It  may  lie  called  u,K,  •  I  second  term, 
called  /•'.  is  approximately  equal  to 


Cl) 


-(51  K,,,  0.12".)/ .V.  »S\ 


u|,ere  V  i«  the  total  tuuiiltcrof  the  station-  of  the  -uhli-i  for  which  2 nj  >  0.121  /  t- 
a  ant  for  all  earthquake-  of  the  region  having  the  dominant  fora  meehant-tu. 

and.  ihu..  may  lie  ealliil  the  regional  corn-din,,  factor,  it-  i-  •,tw«-lrd  h>  rc«  titling 
equation  Cl  I  a» 

.  ••  (It 

nu  *  nu  .  t  •  • 

I  qitnitott  (It  pmv.de.  a  simple  pnmihue  for  calculating  magnitude,  which  an; 
ooua-ted  for  theefT.Tt.of  the  focal  n,ecl,a..W„.»lice  the  2ry  facto,-  and  t.ie  val.leof  / 

ralcul.il isl  for  a  . . of  sd.tnognq.h  .talton.  ami  a  g.vcu  n-gmu  t  u,  nicely 

|„hS-  the  avenge  m.  .  f.otu  the  data  of  those  .tathm.  for  winch  .r*  >  O  Mntd  add- 
to  lid-  quantity  the  talodati-l  valm*  of  I 

>,l|l'?tO*  Ml  Stttl'lXs 

r„M,.|H-l  focal  I.rdowt.1  -lutmc-  of  ea, tie, .Hike.  u.  tie-  VUtia,  Namls.  Ham 
H.Kka  ami  the  uml  MUntw  1  f»tr  t~m  nm.,-l»l  l»»  >hM»»it.  l-lamls 
f.-,ml  tint  .1-  M-oahti-l  ^(depmke..  on  -I-  l-o  ,4  tl-u  l.«l 
4M*  into  tlitre  go-qe  ami  that  <h~-  —  g-ecq  ml  'Hof  £ 

poke,  eximowsl  .1-  Ka^hi.ka  af-i.  UmcAM  I-  »« 


181-1 
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;i  single  , I < > 1 1 ti 1 1 o 1 1 1  mechanism.  l  or  llu*  mid-Atlantic  Oce an,  the  mechanisms  are  of  the 
teiisninal  I ype,  as  associated  will,  ridges,  or  of  the  strike-slip  type,  as  assoei.ate.l  with 
translorm  limits  alotij'  fracture  zones. 

Mnilian  Ixtiinds.  The  first  group  (Croup  I  )  of  Aleutian  Island  earth(|iiakes  is  based 
nn  I  he  common  local-mechanism  solutions  of  l_>  earthquakes  in  the  Rat  Islands.  The 
local  inns  ol-  these  earthquakes,  as  well  as  those  of  the  other  Aleutian  groups,  tire  shown 
in  l  iSiure  I.  Slander  (I'.MiSa )  and  Sttunler  mid  liol li n^cr  ( 111(11 )  determined  the  focal 
mechanism  parameters  of  these  earthquakes.  The  averages  of  these  parameters,  which 
are  taken  to  lie  those  of  the  dominant  focal  m,  chaiiism,  are:  A -axis  (azimuth  .T_»l>?.'i  ± 

•  i“0,  plunge  ±  ti.L'),  } '-axis  (aximuih  l«S*l?:i  ±  pinnae  ±  o?7  ).  The 

A  and  )  axes  are  the  axes  ol  the  forces  of  t he  doithle-eonple  mechanism.  Recanse  the 
dominant  focal-mechanism  pan . tecs  have  been  obtained  by  taking  the  arithmetic 


Cl... 


I »  m*;i  | 


overate  of  1 1, I _* t hqt lakes  of  ||.i~  n-BMt.  the  ivn.lt ins  A  and  »  axes  are  not  exaelh 
orthogonal.  l  or  example,  it.  this  ,,,.e.  orth..*,nalP,  can  Ik-  achieved  by  increasing  the 

p  iiiiki*  O  1  te  axis  by  J.-J.  Aliy  or  all  of  1 1n*  loin  par; . let'  roitld  Ik-  t-hang.-d.  of 

eo  trse,  to  make 1  In-  A  and  I  axe.  tiiiti n.-illx  pei  |H-iidieidar 

The  focal  .iiia-l.ai.i'i.i  of  earth., itak . f  Cnntp  I.  Al.„.i;,„  Maud.  . . . 

ihai  f,,r  which  on,-  /'wav.-  nodal  pi; .  i.  .t.vplx  dipping  and  . . .her  ..  almost 

Irotuon.al  Winning  the  latter  to  Ik-  the  fallll  plane,  s.a.tder  ( l-ttiX;,  ,  show.al  that  the 

motto,,  chan.ee, is, . .  ,|ltlM  faulting  .-dong  a  plane  dipping  „  alio, it  i:.  jtt 

"  ,  !,rr  H"*  of  ,|,e  ttnderlhtljst  I  ,|,  M’k  ts  low  aril  the 

I",  tilt,  ami  the  other  cron, is  i,|.  factor.  w.-,e  calculated  for  all  the 

l  1  •*»apl,  .tali..,,.,  as  well  station  |»  |  of 

...  i  j",  1 3f"  *»„*.  lo  Hit  n...  are  pint 

I  aril*  |  llie  In  (•«rv,ili-,  of  liar-  <1(1  llquike  of  I  .linwrv  f.  MA  t.vri  \.  r.v;  i:» 
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was  |  liken  to  I  x'  rt*|  ut  i  vc  of  the  tvi  r<  lujiuikt's  of  <  I  rtmp  I,  Aleutian  Islands,  lor  I  In1 

purpose  nl  calculating  epiecnl  ml  distances,  angles  of  ineideliee  al  I  lie  locus  and  azi¬ 
muths  of  the  ureal  circle  paths  from  the  epicenter  to  the  stations. 

The  lirsl  set  of  stations  in  Table  I,  for  which  '-'.r//  >  (l.  l'-’l,  correspond  to  those  that 
jin*  to  lie  used  for  magnitude  determinations.  It  can  be  observed  that  the  only  stations 
in  the  Toiled  Slates  which  will  have  larger- -than  a  venire  /’  amplitudes  are  0(11)  and 
\V |-;s,  whereas,  almost  all  huropean  and  Asian  stations  will  have  large  values. 'I  Inis, 
a  /’-wave  magnitude  for  an  eartlupiake  in  this  region,  il  it  principally  is  based  upon 
data  from  Tinted  Stales  stations  ami  if  no  focal-mechanism  correction  is  made,  w  ill  In* 
underestimated.  ’Pin*  minus  signs  preceding  the  -.17/  factor  for  some  stations  indicate 
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that  the  direct  ion  or  -case  of  the  lirsl  /’  motion  at  those  -tat  ions  will  be  opposite  that  at 
all  other  -nations. 

The  earthquakes  of  ( I  roup  of  the  Aleutian  Islands  extend  along  the  are  from  the 
A  ml  tea  noil  to  the  l«x  Mauds,  a>  can  be  seen  in  figure  I.  An  average  local  mechanism 
is  calculated  from  the  mechanism  parameters  of  nine  cart hqnnl-.es,  as  determined  In 
Slander  and  tilin'  ( Dili:!  I.  Its  values  an*:  .V  axis  (azimuth  :i(K!>  ±  III.  plunge 
_»;;?(!  ±  7.7),  )  axi'  (azimuth  DM?  I  ±  7?  I ,  plunge  dh.  s  ±  o.  -M. 

•(‘able  present'  the  'l.rij  and  /•’  factors  for  (’.mop  Aleutian  Island  earthquakes. 
Almost  all  of  the  station'  with  'J.r.v  >  (I.IJI  ate  in  Asia  or  the  southwest  I’aeihe.  Tint' 
/*  wave  uintputude  estimate'  lor  earthquakes  in  this  region  which  rel\  hcuxilx  upon 
l  niled  States  and  Knropean  data  will  be  too  small,  itnie"  a  correction  lor  the  local 
inochani'm  is  made 

Phe  earthquakes  of  <  in.npliof  l he  Aleutian  Maud'  air  located  ill  a  narrow  band  Jil'l 
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(o  the  south  ot  t  ho  axis  of  I  lie  Aleut  inn  Trench,  us  shown  in  Figure  I .  Slander  (P.ltitsb ) 
determined  focal  mechanisms  for  1 1  earthquakes  of  this  group.  Although  the  /'  wave 
riodAl  pkmcodlp  m  aI»uH  the  .ahirahgh  futn!hlv.s.-i.\nl..,t.uk.  -,iluii  sUki  *tli .  T  i.*..- 
change  as  (lie  orientation  ol  the  axis  ol  the  trench  changes.  For  this  reason,  il  was 
decided  to  subdivide  the  group  of  earthquakes  into  two  parts,  a  western  ((Iroup  db) 
uul  U  il  Iipjufi,  '4r-  Vintage  lociv!  i  A  i  >  f  #■  1*1 1 1  i .  ■  1 1 1  fan  atm  li  l.<  fw'tM'imiij,  Lfo  rrn;: 

A' -axis  (azimuth  l/it»?il  ±  12? -1,  plunge  42?!t  ±  7?  l  ),  ) -axis  (azimuth  .{.'»()?  1  ±  dl°4, 
plunge  dll0 1  ±  7?d ).  For  (Iroup  db  they  are:  A' -axis  (azimuth  lt>°()  ±  Id0.'),  plunge 
40?()  ±  l?!t ),  )  axis  (azimuth  _>d l?()  ±  7?S,  plunge  4d?7  ±  d°S).  lioth  /'-wave  nodal 
planes  (lip  sit  about  4  o  ,  and  their  strikes  are  approximately  parallel  to  the  I  rend  of  the 
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Irtutch.  The  eartli(|Uakes  are  of  exteusional  eharaeter,  with  the  axis  of  tension  per¬ 
pendicular  to  the  axis  of  the  trench. 

Table*  d  and  4  contain  the  names  of  the  seismograph  stations  to  be  used  for  /'-wave 
magnitude  determination  for  earthquakes  of  (Iroup  da  and  db,  respectively,  of  the 
Aleutian  Islands.  I'or  (Iroup  da  earthquakes,  all  except  three  stations  in  the  distanee 
range  2f>°  to  100°  have  2,n/  >  0.424.  This  indicates  that  the  geometry  of  the  focal 
mechanism  is  such  that  the  ray  paths  to  most  seismograph  stations  will  intersect  the 
focal  sphere  at  points  where  the  /’-wave  amplitudes  are  greater  than  the  average  over 
the  surface  of  the  focal  sphere.  Thus,  /'-wave  magnitudes  for  earthquakes  of  this  region 
which  art*  uncorreeted  for  the  effects  of  focal  mechanism  will  be  too  large.  Note  also 
for  (Iroup  da  and  db  earthquakes  that  till  2 .r//  factors  have  the  same  sign. 

Kannhalka.  On  the  basis  of  the  focal  mechanism  solutions  of  Iti  earthquakes,  as 
Riven  bv  Utlias  and  Slander  ('1004  ),  it  appears  that  till  earthquakes  located  on  the  cast 
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co.isl  ill'  lli(‘  Kamchatka  |M'niiisul;i  have  similar  iin*c*li:iiiisiiis.  I  inure  -  slmws  tin*  loca¬ 
tion  of  i|h>  enrlhquakcs.  Tlic  doniinanl  fiirnl-nicchniiism  |>aramclcrs  lor  lliis  group  ol 
earthquakes  arc.  A’-axis  (azimuth  .41 7?!i  ±  10?  A,  plunge  4<)?S  ±  -I?  -  ),  J  -axis  (azimuth 
|;{.»°7  ±  IS? I,  plunge  4.r>?f>  ±  4?ti). 

According  lo  Filins  and  Slander,  llie  cliaraclerislic  feature  of  I  lie  focal-mechanism 
solutions  of  lliis  group  of  earlln|ii:ik«  s  is  a  steeply-inclined,  near  veil ieal  axis  of  ten 
sion.  The  /'-wave  nodal  planes  dip  alxnK  la°  each  and  strike  in  a  norlheasl  direcdon. 
In  most  cases,  (he  pressure  axis  is  normal  to  the  direction  of  (he  coast  of  Kamchatka, 
The  list  of  stations  with  their  '2.aj  factors  for  Kamchatka  ear(ln|iiakcs  is  given  in 
Table  a.  Almost  all  stations  in  the  distance  range  of  tclcscismic  /'  have  -.(//  >  0.1-4, 
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which  indiciiles  lltal  relatively  large  /'-wave  amplitudes  are  to  be  expected  at  oil  sta¬ 
tions.  As  for  Croup  If,  Aleutian  Island  eartlupmkes,  all  of  the  stations  in  I  able  a  have 
the  same  sign  for  tin1  -.n/  factor. 

Mill -Atlantic  Ocean.  The  mid-Atlantic  Ocean  earthquakes  divide  into  two  groups, 
lensioti-t vpe  associated  with  the  ridge  and  strike-slip  associated  with  the  ira.M'nrin 
f. i  til|.<  of ‘the  fraclitre  zones.  Figure  4  shows  the  location  of  -11  earlhquakcs  tor  winch 

published  focal  niechanisin  solutions  are  available. 

Croup  1  of  the  mid-Atlantic  consists  of  earthquakes  of  the  t ratisforni  taull  type. 
Sykes  (11M17)  and  Slander  and  Bollinger  (I'.Mitl)  gave  local  mechanism  solutions  for 
seven  ettrthqttakcs  of  this  group.  Their  average  parameters  are:  A' -axis  (azuntub 
•J74?C  ±  7?4,  plunge  IV?  1  ±7°ti),  )'-axis  (azimuth  l?<)  ±  7°7,  plunge  -’T*  ±  H  I 
Two  problems  were  encotinlered  in  preparing  a  list  of  stations  to  bo  used  lor  mag 
tiitnde  detcrniiiiiiliou  for  Atlantic  Ocean  eartlntuakes.  First,  the  orientation  ol  the 
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ikmIiiI  planes  is  such  1 1  ml  almost  all  l‘  waves  arriving  al  telcseisniie  distances  will  have 
small  In,  laelors  (relalive.lv  small  l‘  amplitudes).  Tims,  one  is  forced  to  use  data  from 
stations  with  1 !.ri/  laelors  lessllian  the  average  of  I  lie  values  over  the  surface  of  I  lie  Ideal 
sphere.  I 'or  this  special  group,  we  will  require  only  dial  L’.r//  >  o.l’O.  The  regional 
correction  laclor,  /•’,  will  accordingly  be  positive. 

The  second  problem  arises  from  the  fad  that  the  epicenters  of  ( iroup  I,  mid-Atlantic 
earthquakes  are  spread  over  a  large  geographic  area.  Thus  it  is  not  possible  to  assign  a 
typical”  epicenter  lor  all  earthquakes  of  this  group.  Uecausc  the  L’.r/y  factor  depends 
upon  cpieenl ral  distance  and  azimuth  from  the  epicenter  to  the  seismograph  station  as 
well  as  the  local-mechanism  parameters,  no  single  value  of  In,  will  apply  to  all  earth- 
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« I'liikf nl  tlu*  group.  |  lie  only  wnv  In  li.'imllc  i his  pruhliMii  is  tn  cjilenlaU*  scls  nl'  '2x1/ 
laelors,  each  "iirul  which  applies  only  to  epicenters  in  a  limited  range  of  latitude  and 
longitude. 

Tal.le  fi  applies  to  Croup  I.  mid -Atlautic  earthquakes  with  epi< . ters  from  7°  to 

U  N,  .i<i  in  Pi  W  Similar  tables  can  be  prepared  for  Croup  I  earthquakes  with 
epicenters  that  tail  outside  these  geographic  limits.  The  stations  are  divided  into  sets, 
eorres, Minding  to  Ur//  being  greater  or  less  than  l),_,0<).  All  stations  in  Africa  and  Kurop.q 
with  the  except  ion  ol  those  in  Spain,  belong  to  the  second  set,  indicating  dial  /’-wave 
amplitudes  at  station'  on  those  eoittii . is  will  be  relatively  verv  small. 

Thirteen  focal  . .  solutions,  as  given  by  Misharina  (Httil),  were  averaged 

to  give  the  parameters  of  die  dominant  mechanism  of  Croup  mid  Allaniic  earth 
quakes  I  or  these  earthquakes,  the  tension  axis  is  near  horizontal  and  perpendicular  to 
the  ridge  axis,  and  the  pressure  axis  approximately  horizontal  and  parallel  to  die  ridge 
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n\is.  The  average  mechanism  parameters  arc:  .Y-axis  (azimuth  222° 7  ±  27?  1,  plunge 
1N?S  ±  S?:{),  ) -axis  (azimuth  :ilf>?4  ±  27?0,  plunge  20?4  ±  (i?(i),  l*or  lliis  group  of 
earthquakes,  I  lie  stations  in  Xorlh  and  South  America  have  2  .r/y  factors  greater  than 
0.424,  with  corresponding  relatively  large  /’-wave  amplitudes. 

Similar  to  ( i roup  1 ,  t  he  earthquakes  ot  l  his  group  can  have  a  large*  geographic  separa- 
I  ion.  lor  this  reason,  the  computed  2  .r/y  factors  are  valid  only  for  earthquakes  occurring 
in  a  limited  geographic  region,  As  an  example,  Table  7  gives  the  list  of  2 .r/y  factors  for 
(iroup  2,  mid-Atlantic  earthquakes  with  epicenter.*  between  40°  to  *»|»°X  and  ’’S0  to 
3S°\V. 


Am.iCATioN  or  tiik  .Mkthod 

/’-wav(*  amplitudes  are  allected  not  only  by  the  focal  meclianism,  but  also  by  crust 
and  upper-mantle  structure  near  the  source  and  the  station.  The  conventional  method 
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of  obtidning  nih  utilizes  .4,  T  values  obtained  from  short-period,  veriicnleoin|iom*ni 
se.smognqihs,  However,  long-period  /’  waves  are  more  coherent  across  an  array  than 
short -period  ones,  with  their  amplitudes  and  wave  form  exhibiting  little  dependence 
Upon  variations  in  geological  structures  beneath  the  array.  Syed  (l!lt»!t)  demmi'i  rated 

this  tor  I  .ASA  anil  \nilli  (I'.Mil ),  for  the  Saint  Isniis  I'niversitv  network  in  lb . ntral 

l  ni ted  Stales.  I  herelore,  a  decision  was  made  to  list*  long  period  /’-wave  amplitude* 
in  the  present  stndv,  in  order  to  minimize  the  effects  of  cru-tnl  structure  on  the  am 
pliludes  and,  thus,  to  emphasize  the  effects  of  the  focal  mccliuiii*m. 

It  further  was  decided  to  make  n*e  of  the  amplitude  of  the  lirst  half -e\ele  of  the 
/’-wave  motion,  rather  'Jinn  the  maximum  in  the  lirst  three  or  more  cycle*,  a*  i*  ett* 
tomary  when  shoit  period  data  are  u*ed.  Tbi*  reduce*  the  complication*  owing  to 
crustal  effects  at  the  station,  including  convened  >’  wave*  and  leaking  iimde  /’/  w  ave*. 

1  he  measured  amplitudes  were  "eorreeted”  for  the  frequency  re*|Nin*e  of  the  *ei*mo 
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Dii.I.i  0  value*.  Ill  i In*  example*  which  follow,  flu*  no.  values  ttiveti  are  those  tililniiwil 
ii-inu  I  hlda’*  0  1  nlili*-. 

.S-veii  ciirtlii|Uahc'  iif  ihe  Alriiiiiin  Islands  siihI  miil-Allaiitic  Ocean  were  selected 
fur -I inly.  In  iivl  ilii- theory  mill  iiiethiidnlutsy  developed  in  this  paper.  Table  S  presents 
il-ilji  fur  .in  Alrin  inn  Island,  <  •nnip  I,  i*:irtlii|ii:iki*  nf  l-Vlininry  li,  IlMi.i.  I-  mm  I  lie  tnlilr, 
ii  i':in  lie  mtii  1 1 i:i l  llir  'Jj 'll  factors  arc  li'ss  limn  0.1  —  I  fur  only  iivr  ul  tin1  .M)  slatinus. 
Tlii'n'fnri',  ii  i*  m  lie  cx|nvliil  lluil  tlu*  sivitsijsi*  nf  tin*  no,  values,  anil  its  slamlanl 
ilevialiuii,  will  lie  !i|i|ini\iui:iiely  l  lie  same  fur  I  lie  ilutn  ill  all  !U)  statinns  as  lor  (lie 
for  wliirli  'Ixtj  >  O.PJI.  This  expectation  is  continued.  The  average  no,  for  all  stations 
hsini  in  I  lie  table  is  f./js  ±  O.'J'J,  whereas,  the  average  of  the  no.  values  correspond  in(j 

t,,'_ij-;/  >  O.I'JI  isti.:il  ±  O.'JI.  However,  aen  111  lints  . lure,  we  must  ailil  the 

n  uiini.il  eiirreetinii  factor,  as  foiunl  in  Table  I,  of  -0.JY  This  (jives  a  corrected  body 
wave  uiatsii’unle  of  li.Ofi  ±  O.'JI. 


•  i  ijn  ».»  ..itH#  Mu  t  Bill  i  i .  i  i  M>  m*  ■  HIM  felt  II 


„T  * 


r  **  p3 

4  f 


u? 


d 


N 

f 


1  T! 

]/_V 


?0 

0 


£0 

JO 


60  40  20  LI 

Ki<i.  3.  Kpiifiiirnl  Inciiii'm  of  mill  A i Intil i<*  tironn  ln|ii:ik«‘!*.  lininp  I 

niiii>il  |>y  A.  nrr  nf  l In- 1  riin*b<riii  fimll  i>  |«'.  ii.*«i>ri:ilcil  yvilli .  nr«*  . *.  I  • 

«|i*«felt(irit<M|  l»v  0  ii m*  «*f  fell'*  tiMMoti  with  il«*  rnlic*'. 


nr i lupiiikcx.  ilcsig- 
; r< >i 1 1> 2  rnrl  In |ii;i ki'K , 


tami.i:  f, 


'2/1/  \MI 

f*  Fn'IIlK* 

Cl ll(  \ltll- 

Ail.  mir, 

Oimir  1  K  mi  viii/c  \KKst 

Million 

2<y 

Mnliott 

2%y 

Million 

J 1  V 

\,\M 

-0.307 

l.l’lt 

11.350 

AKC 

0.001 

MSN 

0.077 

Al.ti 

AST 

1 1.2  ft 

i.nt 

-0  255 

A<il' 

0.103 

SAI 

-0.027 

ii.  :m 

MAI. 

11.210 

Alt’ 

II.  ISO 

Suit 

-0.008 

Altl-: 

o.:«ti 

MDS 

-0.332 

Mill’ 

—0.00.3 

SIM! 

0.002 

ATI. 

-o.35i 

MMT 

—  0.200 

HKS 

-0.101 

PDA 

0.012 

HIT 1 

— ll.l.V.t 

MSS 

-0.321 

id  it ; 

0.032 

PKK 

—0.085 

Ml, A 

-0.370 

SNA 

-0.207 

mi. 

-o.ooo 

pro 

0.100 

Itl.o 

-0.351 

(Milt 

-0.  103 

CAI! 

-0.110 

(/FK 

0.070 

no/ 

-11.251 

I  ).\  V 

-0.320 

cei ; 

-0.150 

(JUI 

0. 107 

CMC 

—0.205 

lien 

-II.27H 

COP 

0.001 

Sill 

<1.000 

colt 

—0.21  lit 

KOI. 

-0.323 

K.SK 

0.008 

SOM 

-0.027 

Dl 

-0.271 

SCI’ 

—  0.308 

(11)11 

— 0. 187 

SPA 

0.011 

DAI. 

—  0 .27(1 

SNA 

-0.310 

OIK 

0.001 

STC 

T.\n 

0.153 

DIJIi 

-11.235 

SI.M 

-0.332 

i  ;s< ' 

-0.100 

0. 107 

|-'bO 

-0.328 

Tdl. 

0.218 

1ST 

0.152 

Till 

o.  too 

1  i  Kl  1 

-O.tttK) 

TI'C 

-0.213 

.IKK 

0.  I  ll 

TKS 

-0.137 

(lot, 

— o.jiit 

WKS 

—  0.11  1 

KKV 

0.003 

tl.MK 

0.030 

l,l>N 

1.1’ A 

—  0.215 
0.21  Hi 

A  Al'i 

0.071 

KOS 

l.l’S 

0.050 

-0.1.30 

VAI, 

WIS 

0.007 

-0.121 

*  F,  Itegiunsd  ••nrivciiim  fiieior  =  +11.11. 
t  liiiiitmli*  7°  In  ll°S,  Iminiitiili'  30°  in  WAV. 


Several  comparisons  cun  be  made  willi  this  hisl  number,  namely,  I  be  magnitude 
bused  mi  long-period  /'-wine  amplitudes  which  Inis  been  obtained  by  using  the  meth- 
Klology  of  this  paper  to  correct  for  the  effects  of  focal  mechanism.  First,  consider 
based  on  long-period  amplitudes  bill  corrected  in  an  “exact”  sense  for  focal  mecha¬ 
nism  by  means  of  equation  (2),  making  use  of  independently  determined  local- 
mechanism  parameters.  This  magnitude  is  found  lo  be  <>.(«»  ±  0.21,  which  dillers  by 
,n  insignificant  amoiinl  from  the  value  above.  Second,  consider  m  based  on  short 
period  amplitudes.  For  this,  we  use  as  data  sources  the  / iarthqmkv  Data  Itcport  ol 
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the  \;i(  Ocean  Survey  (NOS)  and  llie  liiilMin  of  I  Ik*  lulcriialioiial  Seisinolnjrienl 
Criil iv  (ISC).  Tin*  former  gives  »//,  =  7i.ll,  based  on  1  Ik*  data  of  13  stations.  The  Inller 
gives  nii,  =  o.S,  based  on  the  dala  of  .'!7  slalions.  Neither  publication  gives  a  value  of 
I  lie  standard  deviation,  but  all  of  ibe  dala  necessary  lo  calculate  il  are  provided. 
For  tlie  ISC  magnitude,  we  obtain  a  standard  deviation  of  I). 71  and,  for  the  NOS,  a 
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Viillic  u|  I)  _’s  Tlic  I, 'll  lr'',  liuxu'X  it,  i«  liilsli'iiilin^r,  lii'C.'iii-,'  il  \\:i»  ||ir  |  iiv  nl‘  I  lie  N(  )S 
In  drop  nil  '•Imiiiihs  Minin'  mi.  mine  tliffrivil  by  more  1 1 • ; 1 1 1  (1,7  from  die  .'iveinne  nil, . 
Il'  llic.-c  i  T.i  I  a  .'in*  luil  rejected,  I  Ill'll*  siii*  Ml  si  ,*i  t  in  I  is,  u  il  li  .in  !i  vci'iijji1  no,  uf  .T,  “i;  llic 
> I ; 1 1 ii I:; ri I  ilr\'i:ilinli  I  lien  ImtuIiii's  0.71. 

I'iiiiill.v,  tin'  i  ni'l  I  ii  ii  Ii  ill  iy;y  developed  in  this  |>:i|ht  whs  ;i|i|ilinl  in  the  slmi'i  pi'i'iiul  /' 
.Tinplil  lull's,  :is  ii'pi  hi  nil  in  ihc  Hiillrlin  uf  t  In*  I  S(  ’.  Twelve  uf  I  lie  .’17  sl.'ilimis  fin-  which 
nmpliliiilc  1 1, 'i l, ‘i  welt'  fji  veil  fur  this  tnirt li«|ii:ikc  :i it-  fmiiiil  in  tin*  list  uf  sl.'ilimis  with 
>  0.1- I  in  T:il>li‘  I.  I'sinjj  1 1  u*  iiinplil  mil's  nl'  iIh'si*  st.'itimis,  mill  t.'ikinjj  mill  uf 
I  In*  ri'jiii m:i I  correction  l':ictnr,  we  nblniu  ///,.  =  .T.I •  d~  0..17. 

*  hi  I  lie  bnsis  nl'  nil  these  i  *i  1 1 1 1  p;i  list  1 1  is ,  .‘mil  nf  siniikirniics  fur  I  liu  ui  her  six  curl  lit pinkcs 
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requires  only  n  few  simple  steps,  which  nre  summari/cd  here.  I'irsl,  delerniiiie  nneur 
reeled  nil,  v;  lines  :ii  nil  slnliuiis  fur  which  .1  7‘  iIiiIm  ;i  re  n  \-.-i  i  l:i  I  ile  in  I  he  <  list  since  r:i  nu;e  uf 
In  100  Seeund,  usiiin  ;i  isiblc  uf  'J.r/y  fnelurs  prcp.-ired  fur  ihc  hypuecnirsil  reijiun, 
determine  if  I  lie  e;irtlii|M:ike’s  radiation  put  tern  corresponds  lu  ilisil  uf  ihc  duininsmt 
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local  mechanism  of  the  region  (Sv  >d,  Ixisslingcr  and  Ntitlli,  11*71  ).  I  liinl,  alter  vciily 
iujr  t  lull  die  mechanism  of  the  earl  la  (Hake  corresponds  to  (Ik*  dominant  one,  eonsnlt  the 
table  of  'li'H  factors  to  select  the  stations  with  In/  >  0.1 24.  I'ind  the  average  of  the 
in,,  values  of  these  stations  only.  I'inally,  add  the  regional  eorreelam  factor,  /•’,  to  the 
average  of  these  »ii,  values.  This  will  give  the  magnitude  of  the  earthquake,  corrected 
for  the  local  mechanism. 

This  procedure  in  principle  can  lie  applied  to  ('it  her  short  -  or  long- period  body-wave 
data.  We  prefer  to  use  the  first  half-cycle  of  the  long-period  /’  wave  for  magnitude  cal¬ 
culations  because  it  is  less  influenced  by  crustal  struct  tire  tit  t  he  stat  ion  than  tin1  short  - 
period  wave.  However,  for  small  magnitude  earthquakes,  there  is  no  choice,  because 
the  /'-wave  motion  is  too  little  to  be  seen  on  conventional  long-period  seismograms.  At 
first  glance,  it  might  seem  that  the  practice  of  using  the  maximum  amplitude  in  the 
fust  three  cycles  of  the  short -period  /’  motion  will  eliminate  the  need  for  it  focal- 
mechanism  correction,  that  is,  that  only  the  amplitude  of  the  first  motion  depends  upon 
I  lie  radiation  at  the  source.  However,  .larosch  (IlMiS)  used  such  short  -period  /’-am¬ 
plitude  data  to  calculate  the  focal-mechanism  parameters,  which,  as  he  showed,  agreed 
well  with  those  obtained  independently  by  Slander,  who  used  long-period  data.  1  hero- 
fore,  it  follows  that  the  maximum  amplitude  in  the  lirst  three  cycles  ol  the  short 
period  /’  motion  depends  upon  the  focal-mechanism  parameters  in  essentially  the  same 
way  its  the  amplitude  of  the  lirst  motion. 

A  philosophical  question  can  bo  raised  ooiieo>">ng  the  desirability  of  correcting  the 
magnitude  for  the  focal  mechanism.  It  might  be  argued  that  the  magnitude  ol  an 
earthquake  should  indicate  the  amplitude  of  the  motion  as  recorded  at  the  existing 
seismograph  stations,  corresponding  to  a  narrow  bundle  ol  rays  leaving  the  hypooonter, 
rather  than  tin*  average  over  the  surface  of  the  local  sphere  ol  the  amplitude  ol  all  ol 
the  ravs  leaving  the  locus.  The  answer  to  the  qiicsnou  >,ilt  depend  upoti  the  use  'Hitch 
one  wishes  to  make  of  the  magnitude  values.  If  one  is  concerned  with  an  estimate  of 
the  seismic  energy,  then  the  focal  mechanism  correction  is  appropriate.  The  correction 
also  is  necessary  if  one  wishes  to  set  up  an  Ms  -  «»» discriminant  between  earthquakes 
and  explosions  which  is  its  free  as  possible  of  regional  ellects. 

In  order  to  apply  the  present  method  to  earthquakes  in  geographic  regions  other 
Tiit'i  iTrost  (fist  >  is.  t  d  1 1  tTi.  p.-ip  i,  IT  h.  n  f rswTy  it-  frrvp.tTT  isMw  hw  e»w4 

such  region  To  cover  till  ol  t he  seismic  regions  in  t In*  world  will  require  a  major  cITo,  l , 
because  a  knowledge  of  the  dominant  focal  mechanism  is  required  for  each  such  region. 
However,  the  work  can  be  lightened  somewhat,  because,  rather  than  attempt  to  do 
focal  mechanism  solutions  for  all  such  regions,  one  can  predict  it  dominant  mechanism 
for  it  given  region  on  the  basis  of  plate  tectonics  and,  then,  use  the  amplitude  data  ol 
individual  earthquakes  to  ensure  that  the  assumed  mechanism  is  consistent  with  the. 
observed  amplitudes.  The  met  hods  developed  in  this  paper  for  /’-wave  magnitudes  also 
can  be  applied  to  the  correction  of  N-wnve  magnitudes  Ibr  thevlTecl  of  focal  mechanism. 
We  have  calculated  correction  factors,  analogous  to  the  'An/  factor  of  /’  waves,  lor  Sll 
waves  for  the  various  subgroups  of  the  Aleutian  Islands,  Kamchatka,  and  the  mid- 
Atlantic  Ocean.  However,  wo  have  not  yet  tested  the  method  with  actual  Sll  data 
because  of  the  rather  considerable  effort  required  to  obtain  such  data  and  because 
•S’- wave  magnitudes  are  seldom  reported  or  used  in  seismicity  studies. 

Ari'Kxmx’ 

The  factors  .t  and  //,  which  appear  in  equation  are  related  to  the  focal-mecha¬ 
nism  parameters  and  the  geographical  coordinates  of  the  hypoeenter  and  seismograph 
station  by  the  following  equations  (Slander,  Itlti'J). 
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,r  =  i«,i  +  ( irfl  +  7,2 

II  =  <«„J'  +  H„l)  +  7  in 

wIlCI'C 

.r  =  cos  <j>  sin  / 
fl  =  sin  <p  sin  i 
z  =  cos  i 

and 

a,  =  cos  AX,  cos  I’L, 

(I,  =  sin  AX,  cos  I’L, 

7,  =  sin  l‘L, 

<*„  =  cos  AX,,  cos  l‘Lu 
fj„  =  sin  AX,,  cos 
7 a  =  Kl"  l‘I'»  ■ 

[n  the  C(|Untions  above,  <t>  is  die  azimuth  of  the  ray  path  at  the  epicenter  toward  tin* 
station,  i  is  tin*  tingle  of  incidence  of  the  ray  at  tin*  hypoeenler,  AX,  and  AX„  arc  the 
azimuths  of  tin*  force  axes  of  tin*  double-couple  system  and  I’L,  and  I’L „  arc  tin*  angles 
of  plunge  of  tin*  force  axes. 
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Wo  ill, 'ink  Hr.  S.  .1.  I linlii  for  making  iivnilnlilo  his  f}(A,  li)  vnliios,  nail  Itey.  \V.  Slander,  S.,l., 
fill'  nssisi inii'o  nail  I'niiiisi'l  ill  selecting  e:irtli(|iinkes  lo  ho  asoil  I'm'  delorniining  (lomimuil  Ini'iil- 
nteelimiisni  pnrnmeiors. 

This  research  was  Mii|»|ii.rlo«l  l.y  Coni  met  I'  l!MV2S-70-(  -tHKiO.  mid  administered  l>\  the  Air 
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sonri'h  I’mjerls  Agency. 
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